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IMMUNOFLUORESCENCE  TECHNIQUE  FOR  DETECTING  ANTIBODIES  AGAINST 
AFRICAN  SWINE  FEVER:  ITS  DIAGNOSTIC  VALUE* ** 


C.  Sanchez  Botija,  A.  Ordas,  J.  G.  Gonzalez*** 


The  investigation  for  antibodies  of  African  swine  fever  acquired 
great  practical  interest  for  diagnosis  of  chronic  forms  of  the  disease 
in  the  field  as  well  as  the  subclinical  infections  and  carriers  of  the 
virus  surviving  at  centers  of  low  mortality.  In  these  clinical  forms, 
each  time  more  frequent,  they  can  cause  difficulties  for  the  isolation 
and  identification  of  the  virus  or  for  gaining  access  to  pathological 
material . 

Repeated  experiments  have  shown  that,  in  a high  percentage  of  pigs 
infected  with  African  swine  fever  and  healthy  carriers  of  the  virus, 
the  presence  of  antibodies  in  the  serum  coincides  with  the  persistency 
of  the  virus  in  the  tissues  for  long  periods  of  time  [17]. 

Owing  to  this  characteristic  of  African  swine  fever,  the  investiga- 
tion of  antibodies  is  highly  useful  for  surveying  carrier  animals  whether 
they  are  healthy  or  affected  by  subclinical  infections  with  discrete 
lesions . 

In  order  to  find  the  antibodies  of  African  swine  fever  in  the  serum 
of  healthy  or  sick  animals  suspected  of  being  carriers  of  the  virus,  we 
have  preferentially  used  the  complement  fixation  test.  Also,  as  a paral- 
lel technique,  we  tried  the  inhibition  of  fluorescence  and  precipitation 
in  agar  gel. 

The  complement-fixation  test  is  a reliable  method  and  has  shown  a 
high  degree  of  sensitivity.  It  has  shown  the  presence  of  antibodies  in 
a considerable  percentage  of  suspected  healthy  pigs  in  which  the  virus 
of  African  swine  fever  was  only  found  after  sacrificing  (C.  Sanchez 
Botija,  A.  Ordas,  J.  G.  Gonzalez  [17]).  However,  this  technique  requires 
24  hours  of  complex  laboratory  work  in  view  of  the  characteristics  of  the 
serum  of  some  pigs  (precomplementary  and  anticomplementary  capability, 
requirement  for  supplementing  the  complement  with  calf  serum) . These 
circumstances  require  time-consuming  work  when  an  epidemiological  survey 
is  made  on  a great  number  of  animals. 

The  inhibition  of  immunofluorescence  was  first  tried  on  a small  num- 
ber of  serums  from  animals  which  had  recovered  from  the  illness  (P.  H. 
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Bool,  A.  Ordas,  C.  S.  Botija  [1]).  The  technique  proved  to  be  sensitive 
and  showed  antibodies  in  negative  serums  with  the  complement-fixation 
test.  In  later  testing  with  serums  from  pigs  with  subclinical  infections, 
this  method  proved  to  be  less  sensitive  than  the  complement-fixation  test. 

The  method  of  precipitation  in  agar  gel  was  also  used  but  proved  to 
have  a sensitivity  less  than  the  above-mentioned  methods. 

The  inhibition  of  hemoadsorption  was  abandoned  as  a test  which  could 
be  used  for  diagnosing  carriers  in  view  of  the  presence  in  the  serum  of 
a number  of  pigs  with  nonspecific  substances  inhibiting  the  hemoadsorp- 
tion. 


In  the  last  few  years,  indirect  immunofluorescence  has  been  applied 
in  study  of  the  antibodies  in  various  infectious  diseases  of  man  and  ani- 
mals [5].  Recently,  Ressang  and  DenBoer  [12]  used  this  indirect  technique 
of  fluorescent  antibodies  in  order  to  show  in  the  serum  of  country  pigs 
the  content  of  antibodies  against  the  virus  of  the  conventional  swine 
fever  and  have  further  pointed  out  the  capabilities  of  this  simple  and 
speedy  technique  in  serological  research  relating  to  this  fever. 

The  results  of  the  study  of  antibodies  in  other  illnesses  obtained 
using  the  indirect  technique  of  fluorescent  antibodies  as  a simple  and 
speedy  method  have  suggested  trying  this  method  for  studying  the  content 
of  antibodies  of  African  swine  fever,  in  the  serum  and  its  possible  ap- 
plication to  the  serological  diagnosis  of  chronic  infections  and  healthy 
carriers  of  the  virus. 

In  order  to  evaluate  the  sensitivity  of  this  technique,  the  serums 
were  also  studied  using  the  complement-fixation  test,  inhibition  of  im- 
munofluorescence and  precipitation  in  agar  gel.  This  study  was  supplemen- 
ted by  postmortem  examination  of  pigs  and  investigation  of  the  virus  in 
the  tissues. 

MATERIAL  AND  METHODS 


The  material  studied  by  the  indirect  immunofluorescence  method  in- 
volved serums  from  55  pigs  in  different  stages  of  illness  which  came  from 
various  farms  in  different  regions  of  the  country. 

On  these  farms,  the  history  of  the  illness  was  characterized  by 
slowly  evolving  clinical  cases,  low  mortality  and  generally  with  symptoms 
hardly  indicating  African  swine  fever.  The  sick  pigs  showed  cachexia, 
and  some  of  them  had  skin  lesions  in  the  form  of  ulcerated  nodules.  Most 
of  the  animals  which  were  sent  with  the  sick  ones  appeared  to  be  still 
healthy.  The  postmortem  examination  of  the  latter  animals  revealed  in 
some  the  presence  of  pulmonary  lesions.  There  was  also  a record  of  mis- 
carriages and  deaths  of  a number  of  young  animals. 

In  other  farms,  the  animals  were  found  to  be  apparently  healthy  at 
the  moment  that  they  received  the  serum  but  there  were  records  of  the 
death  of  a number  of  animals  at  great  intervals  and  of  pigs  which  had 
recovered  from  the  disease. 
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The  location  of  the  farms  in  the  enzootic  area  and  a number  of  the 
symptoms  and  lesions  (of  skin  and  lungs)  suggested  the  possibility  of 
African  swine  fever. 

The  laboratory  diagnosis  on  material  from  the  abovementioned  farms 
was  always  connected  with  difficulties.  The  identification  of  the  virus 
of  African  swine  fever  by  routine  methods  (immunofluorescence,  hemoad- 
sorption  and  cytopathogenic  effect  with  culture  of  leukocytes)  had  been 
negative  in  various  cases.  It  was  necessary  to  make  repeated  shipments 
of  material  from  465  animals  until  finally  it  was  possible  to  isolate 
in  one  of  them  the  virus  following  a time-consuming  work  lasting  8 to  10 
days  The  concentration  of  the  virus  was  always  weak. 

Some  strains  of  the  African  swine  fever  virus  which  had  been  isolated 
in  these  cases  had  lost  the  hemoadsorbing  capability  and  others  also  gave 
negative  results  with  the  immunofluorescence  method  in  the  impressions  of 
the  tissues.  The  final  identification  was  made  in  these  last  cases  by 
the  cytopathogenic  effect  with  leukocyte  cultures  and  by  inoculating  the 
pigs. 


The  pigs  were  sacrificed  after  the  clinical  and  serological  study 
carrying  out  each  time  a postmortem  examination.  The  viscera  were  removed 
in  order  to  determine  the  presence  of  virus  and  its  concentration  in  the 
various  tissues  as  well  as  its  relationship  with  the  presence  of  antibod- 
ies in  the  serum. 


For  the  tests  of  the  immunofluorescence  method,  the  serums  were  clas- 
sified into  four  lots  consistent  with  the  developmental  phases  of  the 
illness. 


Lot  I : Serums  from  10  pigs  with  symptoms  and  lesions  from 

chronic  illness. 


Lot  II:  Serums  from  9 pigs  with  subclinical  infection  (appar- 

ently healthy  but  not  showing  clinical  symptoms  although 
having  chronic  macroscopic  lesions  in  the  postmortem 
examination  of  the  lungs,  spleen  and  ganglia). 

Lot  III:  Serums  from  15  healthy  pigs,  recovered  from  the  illness 

several  months  before  receiving  the  serum. 

Lot  IV:  Serums  from  23  healthy  pigs  which  showed  no  clinical  symp- 

toms and  had  no  postmortem  macroscopic  lesions  but  were 
suspected  of  being  healthy  carriers.  These  pigs  had 
survived  without  upset  at  farms  where  the  virus  of  African 
swine  fever  was  finally  identified. 

THE  INDIRECT  IMMUNOFLUORESCENCE  TECHNIQUE 
A.  Preparation  of  the  Antigen  on  Cellular  Cultures 


a . Culture  of  Leukocytes 


Used  for  these  first  tests  were  preferentially  cultures  of  leukocytes 
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prepared  by  customary  techniques  for  the  identification  of  the  African 
swine  fever  virus. 


The  leukocytes  were  produced  from  defibrinated  or  heparinized  blood 
[6,  7,  14,  15].  The  cultures  were  prepared  in  ordinary  cellular  culture 
tubes  without  cover  slips  and  in  Leighton  tubes  with  cover  slips. 

The  red  blood  cells  taken  along  during  the  collection  of  leukocytes 
are  removed  from  the  cultures  at  the  same  time  taking  away  the  nutritional 
liquid  after  24  hours  of  incubation.  There  is  washing  with  Hank's  solu- 
tion at  37°  C and  renewal  of  the  medium  with  the  same  solution  using  50% 
of  standard  pig  serum.  The  presence  of  red  blood  cells  and  phagocytosis 
make  difficult  reading  of  the  results  with  the  indirect  technique.  A 

inumber  of  tubes  with  red  blood  cells  are  left  for  controlling  infection 

by  hemoadsorption. 

Cultures  of  well-developed  leukocytes  were  used  ranging  in  age  from 
four  to  eight  days  in  order  to  remove  the  autofluorescence  from  a number 
of  series  of  leukocytes  which  appears  during  the  first  phases  of  the  cul- 
ture and  when  they  are  not  well  developed. 

Other  cellular  systems  (cultures  of  pig  kidney,  plexus  chorioideus, 
pig  testicle,  bovine  fetus  kidney)  were  also  used. 

b.  Virus 

In  order  to  carry  out  the  infection  of  the  leukocyte  cultures,  a 
strain  of  the  African  swine  fever  virus  was  selected  having  a known  cap- 
ability of  producing  abundant  inclusions  in  the  cytoplasm  of  the  macro- 
phages. A 20%  suspension  was  used  made  from  the  spleen  of  a pig  deceased 
from  an  acute  African  swine  fever  caused  by  an  experimental  infection. 

The  suspension  was  kept  at  -70°  C in  2 ml  ampules.  The  titer  of  the  20% 
suspension  after  melting  was  10^  DH50/O.2  ml  on  the  leukocyte  culture. 


For  infection  of  other  cellular  systems,  use  was  made  of  a virus 
suited  for  culture  of  pig  kidney  cells. 

c.  Infection  of  the  Leukocyte  Cultures 

Inoculation  of  each  0.2  ml  with  a 1/10  dilution  of  the  20%  spleen 
suspension . 

Incubation  at  37°  C until  the  control  culture  with  red  blood  cells 
shows  hemoadsorption  over  50%  of  the  leukocytes  (approximately  in  48  hours) . 

d . Selection  and  Preservation  of  the  Viral  Antigen  Preparations 
for  Indirect  Immunofluorescence 

If  cultures  in  Leighton  cultures  are  involved,  two  cover  slips  are 
taken  off  at  48  hours  after  inoculation.  After  having  washed  with  PBS, 
they  are  fixed  with  pure  acetone  at  laboratory  temperatures  and  stained 
by  the  direct  technique  using  the  anti-African  swine  fever  conjugation 
according  to  the  customary  method  (P.  H.  Bool,  A.  Ordas,  C.  S.  Botija 

Ul). 

4 


uL.  , ..... . . . •. 


/401 


/ 402 


If  the  cultures  from  these  test  cover  slips,  showing  30-50%  of  the 
cells  with  corpuscles  having  fluorescent  inclusion  with  specified  and 
quite  visible  outlines  in  the  cytoplasm  of  the  macrophages,  are  consid- 
ered acceptable  for  the  indirect  immunofluorescence  test,  the  cover  slips 
are  then  withdrawn  from  the  remaining  tubes.  After  being  fixed  with  ace- 
tone, they  are  kept  at  -20°  C as  a stock  of  viral  antigen  on  cover  slips 
until  their  use.  The  cultures  of  leukocytes  without  sufficient  corpuscles 
and  with  viral  antigen  in  granular  form  or  scattered  throughout  the  cyto- 
plasm are  not  acceptable  for  this  so-called  indirect  technique. 

When  the  leukocyte  cultures  are  made  in  ordinary  tubes  without  cover 
slips,  after  48  hours  of  post-inoculation  and  incubation,  the  liquids  from 
three  cultures  are  collected  in  a centrifuge  tube  and  another  equal  volume 
of  PBS  is  added.  The  resultant  liquid  is  then  centrifuged  for  20  minutes 
at  1000  rpm  in  order  to  collect  the  cellular  sediment.  The  liquid  remain- 
ing is  decanted  and  the  centrifuge  is  repeated  with  10  ml  of  PBS  with  a 
pH  of  7.2.  Finally,  the  sediment  is  homogenized  with  0.5  to  1 ml  of  PBS. 
This  sediment  contains  a great  quantity  of  macrophages  derived  from  the 
tube  by  the  cytopathogenic  effect  of  the  inoculated  virus. 

A small  drop  of  the  sediment  is  deposited  and  spread  on  two  quite 
clean  cover  slips.  After  drying  and  fixing  with  acetone,  they  are  stained 
by  the  direct  method.  If  these  test  preparations  show  the  30-50%  of  mac- 
rophages with  well-defined  and  visible  fluorescent  inclusions,  the  cul- 
tures are  considered  to  be  acceptable,  and  it  is  possible  to  start  col- 
lecting the  sediment  from  the  remaining  cultures  by  means  of  centrifuging 
the  liquid. 

Using  the  cellular  sediment  from  all  the  tubes  together,  preparations 
are  made  by  means  of  the  extension  of  small  drops  on  quite  clean  cover 
slips.  These  ^reparations  are  dried,  fixed  with  acetone  and  preserved 
at  -20°  C until  their  use.  This  method  is  highly  efficient.  With  a small 
number  of  cultures,  it  is  possible  to  obtain  cellular  sediment  for  pre- 
paring a great  number  of  cover  slips  with  macrophages  containing  the 
viral  antigen. 

B . INDIRECT  STAINING 

The  anti-IgG  rabbit  serum  of  pig  and  the  conjugate  of  anti-lgG  rabbit 
serum  of  pig  used  for  the  staining  were  prepared  by  the  methods  reported 
by  Bool,  et  al.  [1]  in  a previous  publication. 

The  test  serum  in  suitable  dilution  (starting  from  1/10)  in  PBS  with 
a pH  of  7.2  is  deposited  on  the  cover  slips  with  the  viral  antigen  for 
60  minutes  at  37°  C in  a wet  chamber  using  two  cover  slips  for  each  dilu- 
tion. The  excess  serum  is  removed  by  three  fast  washings  and  from  3-5 
minutes  in  PBS. 

Staining  is  carried  out  with  the  rabbit  conjugate  for  30  minutes  at 
37°  C.  The  excess  of  conjugate  is  taken  away  with  three  fast  washings 
and  2 to  5 minutes.  Mounting  in  buffered  glycerine  with  pH  8.6. 

Used  as  controls  were  cover  slips  with  the  viral  antigen  treated 
with  an  anti-African  swine  fever  serum,  with  standard  pig  serum  and  with 
PBS. 
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C.  INTERPRETATION 


The  serums  are  considered  as  positive  when  the  treated  cu'.tures  show 
corpuscles  with  fluorescent  inclusion  in  the  cytoplasm  of  infected  macro- 
phages . 

FIXING  THE  COMPLEMENT 

The  Cowan  [3,  4]  technique  was  used  with  the  modification  reported 
by  C.  Sanchez  Botija,  A.  Ordas,  J.  G.  Gonzalez  [17]  in  a previous  publi- 
cation. 

INHIBITION  OF  THE  IMMUNOFLUORESCENCE 

As  antigen  were  used  impressions  from  the  spleen  of  a pig  which  had 
died  owing  to  an  experimental  infection  of  African  swine  fever  [1].  These 
impressions  showed  corpuscles  with  fluorescent  inclusion  in  the  cytoplasm 
of  the  macrophages  by  direct  staining. 

The  impressions  were  fixed  in  hot  air  for  15  minutes  and  treated 
with  the  test  serum  for  60  minutes  at  37°  C.  The  excess  serum  was  removed 
by  three  quick  washings  and  3 to  5 minutes  in  PBS.  Staining  with  anti- 
African  swine  fever  pig  conjugate.  30  minutes  at  37°  C.  Remove  the  ex- 
cess of  conjugate  by  washings  in  PBS  and  mounting  in  buffered  glycerine 
for  its  observation. 

A standard  pig  serum  and  PBS  were  used  as  control. 

The  test  serum  was  considered  positive  when  the  treated  impressions 
showed  no  corpuscles  with  fluorescent  inclusion. 

PRECIPITATION  IN  AGAR  GEL 

The  Ouchterlony  plates  are  prepared  with  Noble  Difco  agar  at  1.5% 
in  phosphate  buffer  0.01  m,  pH  7.2. 

Each  plate  has  made  four  groups  with  seven  depressions  in  each  one.  /404 

Each  group  has  one  central  depression  and  six  in  a circle.  The  depres- 
sions have  a diameter  of  7 mm  and  a distance  between  them  of  4 mm. 

Into  the  depressions  of  each  group  are  deposited  antigen,  the  test  serum 
(pure  and  in  diluted  form)  and  the  control  samples  with  alternations  made 
according  to  customary  technique.  The  serums  are  deposited  one  hour  after 
the  antigen. 

The  plates  are  put  in  a wet  chamber  at  ambient  temperature.  Readings 
are  made  at  24,  48  and  72  hours. 

The  spleen  of  a pig  which  had  died  of  acute  experimental  African 
swine  fever  was  used  as  positive  antigen.  Titer  10-6/0.2  ml  of  spleen 
suspension  at  20%. 
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METHOD  FOR  ISOLATING  THE  AFRICAN  SWINE  FEVER  VIRUS  (IVL  - Isolation  of 
Virus  in  Leukocyte  Cultures) 
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The  inoculation  of  leukocyte  cultures  was  used  for  isolating  the  virus. 
Identification  was  made  by  the  Malmquist  and  Hay  test  (hemoadsorption  and 
cytopathogenic  effect),  by  immunofluorescence  (with  impressions  of  tissues 
and  with  the  cellular  sediment  from  cultures  of  inoculated  leukocytes)  and 
for  identifying  a number  of  strains  of  virus  which  were  nonhemoadsorbing 
and  negative  to  immunofluorescence,  the  inoculation  of  the  pig  was  used. 

The  concentration  of  virus  in  the  various  tissues  was  determined  on 
a culture  of  leukocytes  with  DI50  (estimated  by  hemoadsorption  and  the 
cytopathogenic  effect)  and  the  calculations  were  made  by  the  Reed  and 
Muench  method. 

RESULTS 

The  method  of  indirect  immunofluorescence  was  applied  to  the  study 
of  the  content  of  antibodies  against  the  virus  of  African  swine  fever  us- 
ing the  serums  from  55  pigs  at  different  developmental  stages  of  illness 
(pigs  with  symptoms  and  lesions  of  chronic  African  swine  fever,  animals 
with  subclinical  infection,  pigs  recovered  from  the  illness,  and  healthy 
animals  suspected  of  being  carriers) . The  results  compared  with  other 
methods  are  shown  in  Tables  1,  2,  3,  4 and  5. 

Forty-seven  serums  from  55  pigs  examined  by  the  indirect  immunofluor- 
escence method  (85.4%)  resulted  positive.  The  complement-fixation  tech- 
nique used  on  the  serums  revealed  antibodies  in  38  out  of  51  cases  analyzed 
(74.5%).  The  inhibition  of  fluorescence  method  was  positive  in  21  of  the  /405 

48  cases  tested  (43.7%)  and  the  precipitation  in  agar  gel  method  gave 
lines  of  precipitation  in  15  out  of  50  pigs  examined  by  this  method  (30%). 

The  titer  of  the  antibodies  revealed  by  the  indirect  immunofluores- 
cence method  and  the  complement-fixation  test  ranged  between  1:10  and 
1:320. 

The  comparative  serological  study  of  49  serums  using  indirect  immuno- 
fluorescence and  the  complement-fixation  test  revealed  41  positives  and 
8 negatives  with  the  indirect  immunofluorescence  test  and  38  positive 
and  11  negative  with  the  complement-fixation  test.  The  8 negative  serums 
with  the  indirect  immunofluorescence  resulted  positive  with  the  complement- 
fixation  test  and  the  11  negatives  with  the  complement-fixation  tests 
were  positive  with  indirect  immunofluorescence. 

The  comparison  with  inhibition  of  immunofluorescence  revealed  that 
three  cases  negative  with  the  indirect  immunofluorescence  test  were  posi- 
tive with  the  inhibition  of  fluorescence  method.  These  three  serums  were 
also  positive  with  the  complement-fixation  test. 

In  order  to  determine  the  relationship  between  the  antibodies  of  the 
serum  revealed  by  the  method  of  indirect  immunofluorescence  and  the  pres- 
ence of  virus  of  African  swine  fever  in  tissues,  35  pigs  were  examined 
by  the  method  of  isolating  the  virus  in  a leukocyte  culture.  Of  the  35 
pigs,  32  contained  antibodies  shown  by  the  indirect  immunofluorescence 
method . 
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The  virus  of  African  swine  fever  was  encountered  in  tissues  of  24 
pigs  out  of  the  35  examined  (68.5%)  and  in  11  pigs  the  isolation  of  the 
virus  resulted  in  a negative.  The  titer  of  the  virus  fluctuated  between 
10-1  and  10-3.5. 

Of  the  24  pigs  which  turned  out  to  have  virus  in  the  tissues,  23 
(95.8%)  had  in  the  serum  antibodies  which  could  be  shown  by  the  indirect 
immunofluorescence  test  and  all  of  the  24  pigs  (100%)  were  positive  with 
the  complement-fixation  test.  Of  the  11  negative  cases  with  isolation  of 
the  virus,  9 were  positive  and  2 negative  upon  searching  for  antibodies 
using  the  indirect  immunofluorescence  method.  In  those  11  negative  pigs, 
9 were  positive  and  2 negative  with  the  complement-fixation  test.  The 
two  serums  which  were  negative  with  indirect  immunofluorescence  were 
positive  with  the  complement-fixation  test  and  the  two  serums  negative 
with  the  complement-fixation  test  were  positive  with  indirect  immunoflu- 
orescence . 

The  comparative  study  of  the  content  in  antibodies  of  pig  serums  at 
different  developmental  stages  of  the  African  swine  fever  revealed  the 
following  results: 

Serums  from  Lot  I 

Collected  from  10  sick  pigs  with  symptoms  of  chronic  African  swine 
fever.  Results  in  Table  2. 

The  indirect  immunofluorescence  test  showed  antibodies  in  the  10 
serums  (100%).  The  complement-fixation  test  was  positive  in  six  cases 
(60%).  The  inhibition  of  fluorescence  was  positive  in  six  cases  (60%) 
and  the  precipitation  in  agar  gel  was  positive  in  5 (50%). 

The  titer  of  the  fluorescent  antibodies  was  1:160  with  four  serums, 
1:320  in  two,  1:80  in  two  and  1:40  in  two  serums.  The  fixing  antibodies 
of  the  complement  were  included  within  the  same  scale  of  values. 

i ' Pigs  number  53  and  55  with  a titer  of  1:320  and  number  20  with  a 

titer  of  1:160  by  the  indirect  technique  were  negative  with  complement- 
fixation. 

The  virus  of  African  swine  fever  was  encountered  in  the  tissues  of 
nine  pigs  (90%) . 

Serums  of  Lot  II 

Collected  from  nine  pigs  with  subclinical  infection  (without  symp- 
toms but  with  discrete  lesions  of  pneumonia  checked  postmortem).  Results 
in  Table  3. 

The  indirect  immunofluorescence  test  revealed  antibodies  in  nine 
serums  (100%),  the  complement-fixation  test  was  positive  in  five  out  of 
eight  examined  (62.5%),  the  inhibition  of  fluorescence  test  was  positive 
in  six  out  of  the  nine  tested  (66.6%)  and  the  precipitation  in  agar  gel 
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was  positive  in  four  (44.4%).  The  titer  of  the  fluorescent  antibodies 
was  1:160  in  one  serum,  1:80  in  one  serum,  1:40  in  five  serums  and  1:10 
in  one  serum.  The  titers  of  the  complement-fixation  test  were  similar. 

The  virus  of  African  swine  fever  was  encountered  in  the  tissues  of 
six  pigs  (66. 6%) . 

Serums  from  Lot  III 

Collected  from  15  apparently  healthy  pigs  recovered  from  the  disease. 
Results  contained  in  Table  4. 

The  indirect  immunofluorescence  test  was  positive  in  12  pigs  (80%) 
with  titers  of  1:20  in  seven  pigs  and  1:10  in  five  pigs.  The  three  neg- 
ative serums  with  the  indirect  immunofluorescence  test  were  positive  with 
the  complement-fixation  test.  In  12  pigs  out  of  the  14  tested  (85.6%), 
the  complement-f ixation  test  revealed  antibodies.  The  inhibition  of 
fluorescence  test  was  positive  in  six  serums  out  of  the  six  tested  (100%) 
and  the  precipitation  in  agar  gel  was  positive  in  one  pig  (12.5%). 

The  virus  was  isolated  from  the  tissues  of  seven  out  of  eight  pigs 
examined  (87.5%). 

Serums  from  Lot  IV 

Collected  from  23  healthy  pigs  suspected  of  being  carriers  of  the 
African  swine  fever  virus.  They  do  not  show  either  clinical  symptoms 
or  lesions  in  the  postmortem  examination.  Results  are  listed  in  Table  5. 

The  indirect  immunofluorescence  test  was  applied  to  21  serums  with 
16  resulting  positive  (76.1%)  and  five  negative.  The  five  negative  ones 
were  positive  with  the  complement-fixation  test.  The  titers  of  the  anti- 
bodies determined  by  the  indirect  immunofluorescence  test  fluctuated 
between  1:10  and  1:320. 

The  complement-fixation  test  was  positive  in  17  serums  out  of  19 
tested  (89.4%),  the  inhibition  of  fluorescence  test  was  positive  only  in 
six  out  of  the  23  (26%)  tested  and  the  precipitation  in  agar  gel  was 
positive  in  five  serums  out  of  23  tested  (21.7%). 

The  African  swine  fever  virus  was  encountered  in  the  tissues  of  two 
pigs  out  of  a lot  of  eight  which  were  examined  (25%). 

The  two  pigs  which  were  positive  on  isolation  of  the  virus  had  fluor- 

escent antibodies. 

DISCUSSION 

The  tests  carried  out  using  the  indirect  immunofluorescence  method 
showed  the  possibility  of  using  it  to  reveal  and  evaluate  the  content 
in  antibodies  of  the  serum  against  the  African  swine  fever  virus. 

A high  percentage  (85.4%)  of  the  animals  analyzed  showed  a clear 

response  in  fluorescent  antibodies  in  the  course  of  the  chronic  forms 
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'of  the  infection  (clinical  or  subclinical)  as  well  as  during  the  latent 
phases  of  the  virus  (carriers)  . 

Provided  a stock  of  antigen  is  available,  the  indirect  immunofluores- 
cence technique  can  be  used  as  a quick  routine  method  for  serological 
diagnosis  of  African  swine  fever.  The  method  offers  the  practical  advan- 
tage of  a diagnosis  in  a few  hours  by  a simple  and  sensitive  technique. 

Its  interesting  practical  application  is  the  diagnosis  of  chronic 
infections  (clinical  or  subclinical)  and  of  latent  states  (healthy  car- 
riers) . 

In  these  forms  of  African  swine  fever,  the  serological  diagnosis  is 
quicker  and  has  more  capabilities  than  isolation  of  the  virus  from  the 
tissues.  The  presence  in  so-called  clinical  forms  of  antibodies  and  sub- 
stances which  inhibit  multiplication  of  the  virus  as  well  as  the  weak 
concentration  of  the  latter  make  difficult  its  identification  and  re- 
quires long  periods  of  time. 

In  the  cases  studied  with  chronic  infection,  the  method  of  indirect 
immunofluorescence  revealed  antibodies  in  100%  of  the  animals  (19  serums 
from  Lots  I-II).  In  comparison,  the  complement-fixation  test  and  inhibi- 
tion of  immunofluorescence  method  showed  antibodies  in  a percentage  of 
the  abovementioned  serums  appreciably  less  (60  and  64.4%,  respectively). 
These  results  suggested  that,  in  the  chronic  form,  even  though  it  may 
be  with  symptomatology  or  not  apparent,  the  diagnosis  by  the  indirect 
immunofluorescence  method  can  be  the  method  of  choice. 

In  the  animals  which  have  recovered  from  the  disease  (serums  from 
Lot  III) , the  sensitivity  of  the  indirect  immunofluorescence  method 
(12  positive  results  out  of  15  serums)  was  slightly  less  than  that  of 
the  complement-fixation  test  (12  positive  out  of  14).  The  immunofluores- 
cence inhibition  method  was  positive  in  six  serums  tested  of  this  group. 

In  the  healthy  animals,  suspected  of  being  carriers  (serums  from 
Lot  IV),  the  complement-fixation  test  revealed  a percentage  of  positive 
cases  (17  out  of  19  serums,  89.4%)  appreciably  greater  than  those  encoun- 
tered using  the  indirect  immunofluorescence  method  (16  out  of  21,  76%). 

The  inhibition  of  immunofluorescence  and  the  precipitation  in  agar  gel 
methods  proved  to  be  poor  in  operation  in  this  group  of  serums. 

A high  percentage  of  the  animals  analyzed  (in  different  states  of 
chronic  infection)  contained  fluorescent  antibodies  and  complement-fixers 
in  the  serum  and  simultaneously  virus  of  African  swine  fever  in  the  tis- 
sues. 


These  results  showed  the  possibility  of  applying  the  indirect  tech- 
nique of  immunofluorescence  together  with  the  complement-fixation  test 
and  the  inhibition  of  immunofluorescence  method  with  the  epidemiological 
survey  of  antibodies  and  carriers  of  the  African  swine  fever  virus. 

It  is  advisable  to  point  out  that  the  indirect  immunofluorescence 
method  for  investigation  of  African  swine  fever  antibodies  is  a swift  and 


simple  method  on  condition  of  having  available  a stock  of  antigen  with 
acceptable  characteristics  allowing  the  readout  of  results.  . 

The  most  sensitive  cells  for  preparation  of  stocks  of  antigens  (cover 
slips  with  cells  infected  with  virus)  are  the  leukocyte  cultures.  Never- 
theless, the  distinct  series  of  these  cultures  of  leukocytes  show  differ- 
ences with  respect  to  the  degree  of  development,  phagocytosis,  nonspecific 
fluorescence  and  formation  of  viral  inclusions.  The  phagocytosis  of  the 
red  blood  cells  can  create  difficulties  in  reading  out  the  results.  For 
this  reason,  it  is  necessary  to  set  up  the  stock  of  antigen,  make  a prior 
selection  of  well-developed  cultures,  465  days  in  age,  free  of  phagocyto- 
sis and  nonspecific  fluorescence  and  with  30-50%  of  cells  having  a quite 
visible  specific  viral  inclusion. 

Other  cellular  systems  have  also  been  used.  These  would  include  cul- 
tures made  from  cells  of  pork  kidney,  kidney  of  bovine  fetus  as  well  as 
the  plexus  chorioideus.  However,  these  cells  are  not  sensitive  to  the 
natural  virus,  and  it  is  necessary  to  use  for  the  infection  virus  which 
has  been  adapted  to  these  cultures.  Likewise,  it  is  necessary  for  mak- 
ing the  stock  of  antigen  to  make  a selection  of  cultures  with  character- 
istics acceptable  for  being  able  to  observe  the  fluorescent  viral  inclu- 
sions in  positive  cases. 
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Results  of  the  investigation  for  antibodies  of  the  African 
swine  fever  using  the  indirect  immunofluorescence  and 
other  methods. 

Pig  serums  from  various  farms  having  chronic  African  swine 
fever,  subclinical  infections  and  healthy  carriers. 


Method 

Cases 

Examined 

Positive 

% 

Indirect  immunofluorescence 
(IIM) 

55 

47 

85.4 

Complement-fixation  test  (CFT) 

51 

38 

74.5 

Inhibition  of  immunofluorescence 
method  (IFM) 

48 

21 

43.7 

Precipitation  in  agar  gel  (PAG) 

50 

15 

30.0 

Isolation  of  the  virus  in  leuko- 
cyte culture  (IVL) 

35 

24 

68.5 

12 


TABLE  2 
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Investigation  for  antibodies  of  African  swine  fever  using 
indirect  immunofluorescence  and  other  methods. 


Serum  from  pigs  with  chronic  African  swine  fever  (Lot  I) . 


IFM 
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IVL 
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...  1 ; i 0 

0 P.  Pi 
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1:  10 

0 

l) 

- ;:2  P 

3*5 

A 

1:40 

u 

V) 

P 

7*5 

rt 

51 

1 : 1 r>0 

i*  \ 

1 • ■ 

P 

■5 

B 

O 

- 1:2 

P 

y 5 

P 

53 

i:  20 

0 

+ 1:2 

• i-  1 1* 

! rs 

1! 

5 ' 

I:Sa 

1:20 

0 P 

It 

55 

( 

0 

0 P 

3‘5 

Examined 

10 

10 

in 

10 

10 

Total 

pos . 

10 

0 

6 

5 

9 

% of 

DOS. 

100 

00 

! 50  ■ 

i 90 

IIM  = indirect  immunofluorescence  method 
CFT  = complement-f ixation  test 
IFM  = inhibition  of  immunofluorescence  method 
PAG  = precipitation  in  agar  gel 

IVL  = isolation  of  virus  in  leukocyte  culture.  Macroscopic  lesion 
in  the  organ  indicated.  In  other  organs  without  lesions. 

0 = negative 

+ = positive 

P = focal  lesion  of  pneumonia  with  necrosis. 

Pi  = ulcerated  nodules  on  the  skin. 


« 


*Titer  expressed  as  log  10  DI5QCL 


Investigation  of  antibodies  of  African  swine  fever  using 
the  indirect  immunofluorescence  and  other  methods. 


Serums  from  pigs  with  subclinical  infection  (Lot  II) . 


Farm 

Pig 

No. 

Macro- 

IVL 

IIM 

CFT 

IFM 

PAG 

scopic 

lesion 

tite 

A 

4 

1 
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0 

/v 
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0 
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1 

J *0 

A 
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0 
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A 

10 

1 

N 

4_ 
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i .* 

A 

15 

i 

• < '■ 

1:320 

1:1  > 

li.!’. 

20 

A 

21 

1 

0 

0 

0 

1’ 

0 

A 

35 

i 

0 

.1. 

0 

P.!!. 

1*2 

A 

3.'. 

} 

10 

1:40 

+ 

+ 

G P. 

*V“* 

A 

38 

.‘10 

0 

-i-  1:5 

, 

-r 

T> 

i 

V2 

Examined 

9 

8 

1 

9 

9 

Total  pos. 
% positive 

9 

OO 

5,. 

6~5 

(< 

4 

•14  4 



6 

66’ 6 

IIM  = indirect  immunofluorescence  method 
CFT  = complement-fixation  test 
IFM  = inhibition  of  immunofluorescence  method 
PAG  = precipitation  in  agar  gel 

IVL  = isolation  of  virus  in  leukocyte  culture.  Macroscopic  lesion 
in  the  organ  indicated.  In  other  organs  without  lesions. 

" 0 = negative 

+ = positive 

P = focal  lesion  of  pneumonia  with  necrosis 
B = congestive  areas  in  the  spleen 
G = lymphatic  ganglion 

*Titer  expressed  as  log  10  DI5QCL. 
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TABLE  4 / 412 

Investigation  of  antibodies  of  African  swine  fever  using 
the  indirect  immunofluorescence  method. 

Serums  from  pigs  apparently  healthy  recovered  from  the 
disease  (Lot  III) . 


Farm 

Pig 

Mos . 

IIM 
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20 
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1 3 
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7.34 

2 ) 

10 
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7.0  N O 

O 

N 

E 
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2 1 
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0 ! 1:2  N 

N 
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Examined 

i 

S 

) 4 6 S 

r 

S3 

Total 

positive 

2 

10 

12  ' 6:1 
85  6 1 00  1 2'5 

7 

87*5 

Z ..of. 

positive 

IIM  = indirect  immunofluorescence  method 
CFT  = complement-fixation  test 
IFM  = inhibition  of  immunofluorescence  method 
PAG  = precipitation  in  agar  gel 

IVL  = isolation  of  virus  in  leukocyte  culture.  Macroscopic  lesion 
in  the  organ  indicated.  In  other  organs  without  lesions. 

0 = negative 

+ = positive 

P = focal  lesion  of  pneumonia  with  necrosis 
B = congestive  areas  in  the  spleen 

* Titer  expressed  as  log  10  D^gCL 

**Time  transpired  from  clinical  recovery  until  obtaining  serum. 
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TABLE  5 


Investigation  of  antibodies  of  African  swine  fever  using 
the  indirect  immunofluorescence  method. 

Serum  from  healthy  pigs  from  centers  of  African  swine 
fever  (suspected  of  being  carriers)  (Lot  IV). 
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19 

23 

2 i 

. 

8 

Total  pos.  if 

17 

5 

•> 

% positive  6 1 

S9’4 

j 26 

217 

• 

25 

IIM  = indirect  immunofluorescence 
CFT  = complement-fixation  test 
IFM  = inhibition  of  immunofluorescence 
PAG  = precipitation  in  agar  gel 

IVL  = isolation  of  virus  in  leukocyte  culture 

N = not  performed 

0 = negative 

+ = positive 

* Titer  expressed  as  log  DI50CL. 

**This  lot  of  animals  showed  no  macroscopic  lesions  in  the  organs 
after  being  sacrificed. 


16 


SUMMARY 


Preliminary  investigations  1 

r-ith  indirect  .mniaucfluc! 

( sCC PC C 

technique  for  dc'cciiii*-  ammouic' 

atiainvi  .\iriv:in 

i cv 

cr  virus 

(A.S.F.)  in  serum  of  pigs  from  the  held  v>.  c dose 

riiied. 

These  studies  haw  *•.•  n core 

'act  d io  fi'-.i  a 

simple  an 

d rapid 

method  for  the  liiatmosis  of  :i 

chronic  form  o 

'■  A.S.F.  . 

and  the 

ear  i iers,  who  ai  e incrc , sing  in 
difficulties  in  the  cr:'di.v..ion  of 

cr»y.>ol»c  anu 

l.J  U!‘  ; . \ 

, giving 

rise  to 

Preliminary  is  i . 1:.  •, 

tii.it  d ■ inci ires 

■i  j nmuni 

iuor<  s- 

ccnce-  kchniqi.s-  i.iav  1.  as 

lu.d'le  prosed t 

■e  in  lahoi:. 

invest'.-  ions  i A.S.I-.  id 

. a- id  a simple 

method  fi 

1:  i..j’id 

scroll >;•  1 . ' 1.  • 

.S.l  and  i 

it.  rs. 

The  indirect  ill  • ..  v 

;!,  .s V tC St  CluiCC 

•ted  anlii 

.'dies  in 

KXKf  of  the  . ■ 

hronu  \.SJ 

• rid  in 

; • 5 1 

of  tin-  . rri-.-j - . i ti.- 

m.  ..  . . 1: In  ai 

.:  1:32(1. 

1'h  n a to.  55  ■ : - 

, i'l.-1  r r .* 

ihrvl:-  ...  i 

iiff<  t 

stag<  s of  the  cli'-«'!iic 

fluort  < ent  ■ : i 

and  ciir'eis,  < 

A (S5.-F 

: j h d 

A high  ; -k  (i 

of  ar;i."d 

an.  i;.  / 

. ti  hud 

fluoresci  nt  antihe  in  V. 

i •'  : * r * : li . n„ 

• -Is  \.S 

v'uus 

ill  !’  Has.  l d‘  j- 

• >.i  li.MICS. 

2d  p/5. M 

) had 

llucriccut  lr\ 

dilTerc-r . ti* m:  • . U> ' 

t tT.L  si 

a 1 10 

ri:  liiM'V 

in  the. 

1 he  sons i*f  a.  . . i 

i . ■ • C ' - j - •*  t - • ' * 

r.  !l  s'*  v i d 

. S’Tolo* 

gic; ! methods  (co  1 n i of  the  iin 

fluorescence  , - g J .’!  :■  A 

The  indirect  imn  ofi  ore;  t 1 st  could  he  a wdual ile 
method  for  the  cinioiogica  sue  ■>  of  amiood  against  A..5.F. 
and  ills'  detect:  of  c:  ; lie's. 

The  anti'  a used  for  the  to:  t s\  Iv.iF  coat  e ''  ..iv-  j elected 
with  field  A.S.F.  vine:  \v!iiel>  pw  ,i  sit  ! ini.-.  :ytop!.  '••nic 
inclusions  in  the  macrophages  stain  . in  co\  • lip  Oilier#  celli  ai 
systems  were  also  med  •.  hieii  were  in  cud  wilii  e.  i!  ada;  tod  virus 
strains. 

The  details  c,f  the  utilized  ti  iini.,'  es  arc  described. 


BIBLIOGRAPHY 


/415 


!.  Bool  (P. Okdas  (A.)  > Sana  iila  Boiija  (C.)  ( 1 9 6*>) . — 
III  diagnostico  d.  L:  !’e  :tc  potJna  africtnn  poi  intmm.tfluo- 
rcsccncia . Prese : v a d n a la  \ K . \ \ i » 5c  sou  lem. : el  del  ' mute 
dc  la  0.1. L.  Paris  19-24  intro  1969. 

2.  Cauhk1  v (Ft  A.)  0965).  — Routine  lrihorutory  diagnosis  of 

] log  Cholera  cmp!  • iiv;  'lie  flicre-tan:  ..rtihody  tissue  culture 
technique.  Int.  M b XO  O’F.  ■ : M.C.  ar.d  A.S.F  Ron. a. 

3.  Coivan  (K  M.)  ( ;.  - — I • - 1 ■ La;  Mao  on  ALio  it 

Swine  rev.r  v:n-  1.  F.litr.iruV'M  ( . il  . ruo. 'i.up'.c  lienMp 

activity  of  ■ a i : r-ni  with  {■  r : • ■ a ! . . ; J.  Immuno:.  86:  -bo 

470. 

4.  Cowan  (K.  M.)  ('.[>■  '■).  — !;•'•  , Mud:.-  on  /-f-i.  : n 

Sw  in-  ' er  vir.v  II.  1 nh  • . c’.'.ect  of  ncvnal  he. 

serum  on  the.  ("imnLi  vnt-li' ;-;ion  re.^Pon.  An.er  J.  Vet. 
lies.  2-4  75(5-761. 

5.  and  S-.vrtiit  Km''  ->. — Neutral'  ; nc'  '•  ■ - 

rcsccn!  an tib<  ly  j<  ion  e ; ..  n atfe  r antir; i . u :ati 
with  si  ii.fi  In. m..  v;-c  A -ill.  pcs.  Vine  do..  Jt. 

21:  3i.-. 

6.  1 1 A AM  (j.)  e!  I.Ai-'i  ■ Ai.'Ui;  (It.)  n . ■ ' I.  — Pcs-,  pore:  . .1:  i- 

ctiine..  I’.t'.eii  1 . i . .. I . . -m  ■ ■ i . Am  da  la  ** . • 

nr;  c de  Tul  i pour  les  citltti  s ieuc  cytaires.  Bull.  Off. 
int.  Epir.  6.5  ni  ; U.3-167. 

7.  Ill  - (W.R.)  . Tkav  (ILL  ) H9M).  — The  use  of 

leukocyte  cultui  . or  diagnosing  African  Swine  Fever.  Bull, 
O/j.  int.  i-.p'r.  2':'-  504. 

8.  Ilia's;  !'  i.i  f\V.P.».  Cr".r,iNS  iL.)  . ud  SroNi:  iS.S.t  (1966).  - 

Muore. cei  ' nn'i!  ••  i;.  stud;.  o.u  A dean  Swine  Fever.  ,!.».<  . 
J.  Vet.  Res.  27:  477-484, 

9.  M.\t .:.tr.'  i,.r  (W.A.)  and  Has  M).l  (196;:  . — Hemadsorption 

and  cytopnthr  effect  produced  by  Afrie.ui  Swine  1 ever  vims 
in  bone  marrow  and  bufTy  coat  cultures.  An.-,  r.  J.  Vet.  Res. 
21:  104-108. 

10.  Mr  Nor:  1. 1 Net  <W.  ),.).  Ptttit.t:  ()£.  C.)  and  Touunv  (.1.  P.) 
(1965).  — Ideinilic.uion  of  Hon  C'.olcru  vii.,1  mtiiceo  in 
inttitunofluorcsccTCf.  Application  a'  a diagnostic  and  assay 
method.  Can.  J.  Comp.  Med.  27:  249-252. 

1 I.  R'.ss.ss'r,  (\..\.)  and  Boot  (I’  ll  > (1966)  — Swine  b'cvrr  diag- 
nosis. 11.  The  I'e  nev  nt  .r.tiixdy  ;.,ehr.:qnc.  Tiplrclir. 
Dierpenee.sk.  91:  1 . '48- 1 . 163. 


18 


/ 4 1 7 


' 


12.  IOisswi  (A. A.)  and  L)i  n H u'k  ■ I.I..)  ; 1 ' — 'll  indA  -a 

lliiorf-  . lit  until.  -.1;.  t : si.  ns  ;i  i il . .<1  !.  ii  . :A  , 

struir  ..jiil'i'.lK's  : M.  ( 1 :....  1.  Ar.  cm  .«i  ' 

tcellii  f*t‘  ; i . i . I . , . . . . 

16:  709-7 ! 6. 

13.  Sam  nr/  Horn  (<  I --  C:  i • ::  . 

lie !..  Pi>  ,t« i ',  i .■  ci  i:  i 

0.1  !.i  i\  . i 1 i 1 

C.ii • ■ 3 i ni;;i-.S  it:  Ri.  . .. 

14.  Sa;  ' : ",  /.  Il'i, : j a i /!'■•  • \ ) i ■ - 1 . 

tnis  tie  I cp1  ' 1 . r : c.  . ■)».  . 

lI’llvIO 

afi ' r,.  . 'tin  l*  i . • . . 

lie.:  -i'j  . I l:i  I’c*.  j>.  • i.i  1 . i i 

15.  S.  -Cili  1‘  ■ i iJA  (It.  | ( II':  . I’r.  . i:  ■ lie 

li'liciii'iii's  lie  ce  i o p.  i . v 1.  . . • ,». ■ «.i  .t 

africun.:.  Patron.  Ui<  (2)  : 59-i... 

16.  S '. NCI 1 1 /.  Hi > cm /.  (C.)  v O'  • ■ (A..1  i ' '.  — D:;  tie 

ililtonniic!  u . • . • ■ . 1. • ' ‘ . • 1 v . i 

la  Pest-  . ...  'Hi.  ■ ’ . . . 

sorption  ."■>  ■- i - s.  1 ’ . - - 1 . • .'a  • : I 

do)  Cuwiu-  lie  i;t  O. i !■>--  ■ i .:<}  'AV3. 

17.  SAsrniv.  Ho;  j.\  (C\),  Okii.v  (A.)  v C vi  (•"  . / (J) 

(1969).  Ime  -in  iC'il  3 la  mV  ..  ..  ue  .ii.'!.,!  . , j> 

con!1. is  tie  !■  u'0>  d e I ' ■ .|e  • ..  . . . ' ' . . . ' ■ i . . ■ ! 

Sli  valor  p.U'A  1 1 3 i'n  • i ■ ..  . I 

Gcneial  del  CoiiulC  do  la  0.1. E H.c.ls  1 9-24  i.:  ■ o 19(  .’. 

18.  Tim  I A Si  I (i).S)  (1 06 'll  — Ouanlily  production  of  lei  i m c ' C \ ; c 

culti'iv:.  for  u.c  i-i  hcma.l  o;  j'.'.l  n last  with  African  Swi  to 
Tcvor  vims.  .-Inur.  J.  1 Vi.  A'i.v.  24:31-1-384. 


